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(54) Electrostatic actuator with different electrode spacing 



(57) In an electro static actuator, a stator element 
(22) having electrodes (30a, 30b) formed on an insula- 
tion layer (29) and a movable element (21 ) having elec- 
trodes (27a, 27b) formed on an insulation layer (26). The 
movable element is arranged opposite to the stator el- 
ement so as to be movable with respect to the stator 
element. The electrodes of the movable element and the 
stator element are connected together at every other 
electrode to provide two phases (a, b ; U, V) for the mov- 
able element and the stator element, respectively. An 
interval (L3, L4) of the electrodes of the stator element 
is made unequal. The electrodes of the movable ele- 
ment are applied with a voltage of fixed polarity, while 
the electrodes of the stator element are applied with a 
voltage of switched-over polarity. A ground section (40) 
is provided between adjacent ones of the electrodes of 
one of the movable element and the stator element and 
is continuously grounded. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to electrostatic actuators suit- 
ably used as driving sources of shading devices such 
as vehicular sunvisors, moon-roofs, and rear-windows, 
or those for trains, aircraft, ships or others, or paper- 
feeders for copying machines. More particularly, it re- 
lates to simplification in structure and prevention of elec- 
trification of a stator element and a movable element of 
an electrostatic actuator which has electrodes provided 
on respective insulation layers of the stator element and 
the movable element so that the movable element is 
driven by attractive force and repulsive force resulting 
from static electricity created between the elecjrodes of 
the stator element and the electrodes of the movable 
element. 

2. Description of Related Art: 

Conventionally, as an electrostatic actuator of this 
kind, there has been an electrostatic actuator, shown in 
Fig. 40, previously proposed in Unexamined Utility Mod- 
el Publication (Kokai) No. H7-16599 by the present ap- 
plicant. 

In this electrostatic actuator, the movable element 
1 has electrodes 3a, 3b, 3c ... 3a, 3b, 3c ... provided in 
an insulation layer 2 thereof so that electrodes 3a : 3b, 
3c positioned every third one of these electrodes 3a, 3b, 
3c ... 3a, 3b, 3c .. are connected so as to provide three 
phases, or a-phase, b-phase, and c-phase. With the a- 
phase electrode 3a and the b-phase electrode 3b are 
further connected together to form two phases. On the 
other hand, the stator element 4 has electrodes 6a, 6b, 
6c provided in an insulation layer 5 thereof so that elec- 
trodes 6a, 6b, 6c positioned in every third one of these 
electrodes 6a, 6b, 6c are connected together to provide 
three phases, or U-phase, V-phase, and W-phase. In 
this manner, where the electrodes 6a - 6c of the stator 
element 4 are structured in three phases, electrodes of 
two phases, or the U-phase and V-phase electrodes 6a, 
6b in Fig. 41 , of the U-phase, V-phase, and W-phase 
electrodes 6a - 6c are connected to eiectricity-feed por- 
tions 7A, 7B provided in a plane same as the insulation 
layer 5 in which electrodes 6a - 6c are arranged, while 
the remaining one phase of electrodes, or the W-phase 
electrodes 6c in Fig. 41 , are connected to an electricity- 
feed portion 7C located in a surface of the insuiation lay- 
er 5 opposite to the surface provided with electrodes 6a 
to 6c through a conductive member 8 inserted in a 
through-hole 5a formed in the insulation layer 5. 

In this structure, however, there is a necessity of 
providing an electricity-feed portion 7C on a side oppo- 
site to th electrodes 6a - 6c and the electricity-feed por- 
tions 7A, 7B, as well as providing the through-hole 5a 



and the conductive member 8, resulting in structural 
complexity for the stator element 4. 

On the contrary, Unexamined Patent Publication 
(Kokai) No. H2-311186 provides an electrostatic actua- 

s tor, as shown in Fig. 42, which possesses three phases 
of electrodes 11a, 11b, 11c provided in the stator ele- 
ment 10 so that one phase of electrodes 11b are ar- 
ranged in a zigzag form with respect to other two phases 
of electrodes 11a, 11c, thereby providing three phases 

10 of electrodes 1 1a - 1 1c in one surface of the stator ele- 
ment 10. 

However, in the electrostatic actuator of Unexam- 
ined Patent Publication No. H2-311186, shown in Fig. 
42, the stator element 10 is complex in structure be- 
ts cause there is a necessity of providing three phases of 
electrodes 11a, 11b, 11c with one phase of electrodes 
11b arranged in the zigzag form, as stated hereinbefore. 
Also, in this electrostatic actuator, there is a problem that 
the driving force for the movable element is small be- 
20 cause voltage is adapted to be applied solely to the elec- 
trodes 11a, 11b, 11c of the stator element 10 without ap- 
plying voltage to the electrodes of the movable element. 

Also, Unexamined Patent Publication No. 
H4-281371 discloses an electrostatic actuator having, 
25 as shown in Fig. 43, electrodes of three phases of R- 
phase, S-phase, and T-phase in the stator element, 
wherein an S-phase electrode is arranged zigzag rela- 
tive to other two phases of electrodes, to provide three- 
phase electrodes in one surface of the stator element 
30 with the spacing unequally made between electrodes of 
three phases. 

The electrostatic actuator of Unexamined Patent 
Publication No. H4-281371, shown in Fig. 43, also has 
the electrodes of three phases provided in the stator el- 
35 ement so that the stator element is complex in structure. 
Further, the driving force is small because of absence 
of electrodes in the movable element. 

Further, Unexamined Patent Publication No. 
H5-176558 proposes an electrostatic actuator, which as 
40 shown in Fig. 44 has electrodes of four phases a, b, c, 
and d provided zigzag in the stator element with the 
spacing made unequally between electrodes of four 
phases. 

In the electrostatic actuator of Unexamined Patent 
45 Publication No. H5-1 76558, shown in Fig. 44, the stator 
element is particularly complex in its structure because 
four phases of electrodes are provided in one surface 
of the stator element. And no electrodes are provided in 
the movable element, not shown, resulting in small driv- 
so ing force. 

Furthermore, Unexamined Patent Publication No. 
H4- 236179 proposes an electrostatic actuator, which 
as shown in Fig. 45 has a structure of two phases pro- 
vided for both of electrodes 1 3a, 1 3b of the movable el- 
55 ement 1 2 and electrodes 1 5a, 1 5b of the stator element 
14. 

In the electrostatic actuator of Unexamined Patent 
Publication No. H4-236179, the electrode pitch is con- 
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stant lor the electrodes 1 5a, 1 5b of the movable element 
1 4 as well as the electrodes 1 3a, 1 3b of the stator fo- 
ment 12, to provide such a structure that the movable 
element is driven solely by the attractive force acting on 
between the electrodes 15a, 15b of the movable ele- $ 
men! 14 and the electrodes 13a, 13b of the stator ele- 
ment 12, reducing the driving force small. Also, in this 
electrostatic actuator, there is a necessity of switching 
over of the polarity of voltages applied to both of elec- 
trodes 13a, 13b of the stator element 12 and the elec- 10 
trodes 15a, 15b of the movable element 14, imposing 
complexity in its control manner. 

Further, in the above conventional electrostatic ac- 
tuators, there may be a case where voltages with a 
waveform in the same polarity be applied to a plurality 1$ 
of phases of electrodes present in the movable element 
or stator element. In the electrostatic actuator shown in 
Fig. 40, for instance, there is a state in which yoltages 
in the same polarity "+" are applied to the U-phase elec- 
trodes 6a and the W-phase electrodes 6c as shown in 20 
the figure, though switching over is made for the polar- 
ities of the voltages applied to the electrodes 6a, 6b, 6c 
of the stator element 4. In such state, there is a possi- 
bility of electrification of on the insulation layer 5 of 
the stator element 4. 25 

Also, if there occurs deviation in the polarity of volt- 
age applied to electrodes of one phase among plural 
phase electrodes within one period, there may occur 
electrification on either the movable element or the sta- 
tor element which is provided with the electrodes. For 30 
instance, if the polarity of voltage applied within one pe- 
riod involves deviation toward the "-" side in one-phase 
electrodes, there is a possibility that electrification oc- 
curs on either the movable element or the stator element 
which includes electrodes. This electrification on the 35 
movable element or the stator element may possibly 
lower the driving force for the movable element. 

SUMMARY OF THE INVENTION 

40 

The present invention has an object to provide an 
improved electrostatic actuator. 

The present invention has an additional object to 
provide an electrostatic actuator, which has a movable 
element and a stator element simple in structure but is *s 
capable of solving the problem involved in the conven- 
tional electrostatic actuators. 

The present invention has a further object to provide 
an electrostatic actuator which prevents electrification 
on the stator element or the movable element, so 

According to a first aspect of the present invention, 
an interval or spacing of at least one of electrodes of a 
movable element and electrodes of a stator element is 
made unequal so that two electrical phases are provided 
for the movable element by connecting together at every ss 
other electrode of the movable element and two electri- 
cal phases are provided for the stator element by con- 
necting together electrodes at every other electrode of 



the stator lement. Thus the electrodes of both the mov- 
able element and the stator element are made in two 
electrical phases, simplifying the structure of the mova- 
ble element and the stator element. 

Preferably, one of the interval of the electrodes of 
the movable element or the interval of the electrodes of 
the stator element is made unequal, or the interval of 
both of the electrodes of the movable element and the 
electrodes of the stator element is made unequal. Thus, 
two electrical phases can be provided for the electrodes 
of both the movable element and the stator element, 
simplifying the structure of the movable element and the 
stator element. 

Preferably, the interval of the electrodes of the mov- 
able element and the interval of the electrodes of the 
stator element are set identical so that the movable el- 
ement and the stator element is the same in structure. 
If electrodes are provided at a required interval in an 
insulation layer, it can be employed as a movable ele- 
ment and as a stator element. 

according to a second aspect of the present inven- 
tion, an interval or spacing of at least one of electrodes 
of a movable element and electrodes of a stator element 
is made unequal to provide two electrical phases for 
each element. Further, a ground section is provided in 
at least one of the movable element and the stator ele- 
ment so that the potential thereof is held at 0, preventing 
electrification on the movable element or the stator ele- 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present in- 
vention will become more apparent from the following 
description when read in conjunction with the accompa- 
nying drawings, in which 

Fig. 1 is a schematic circuit diagram of an electro- 
static actuator according to a first embodiment of 
the invention; 

Fig. 2(A) is a partial plan view showing a movable 
element, and Fig. 2(B) is a partial plan view showing 
a stator element; 

Fig. 3 is a waveform diagram showing voltages ap- 
plied to a movable element and a stator element of 
a first embodiment; 

Figs. 4(A), 4(B), 4(C), 4(D), and 4(E) are schematic 
diagrams for explaining a state of movement for the 
moving element; 

Figs. 5(A), 5(B), 5(C), 5(D), and 5(E) are schematic 
diagrams for explaining a state of movement for the 
moving element; 

Figs. 6(A), 6(B), and 6(C) are schematic diagrams 
for explaining a state of movement for the moving 
element; 

Fig. 7 is a schematic circuit diagram of an electro- 
static actuator according to a second embodiment 
of the invention; 
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Fig. 8(A) is a partial plan view showing a movable 
element, and Fig. B(B) is a partial plan view showing 
a stator element; 

Fig. 9 is a waveform diagram showing voltages ap- 
plied to a movable element and a stator element of $ 
a second embodiment; 

Figs. 10(A). 10(B), 10(C), 10(D), and 10(E) are 
schematic diagrams for explaining a state of move- 
ment for the moving element; 

Figs. 11(A), 11(B), 11(C), 11(D), and 11(E) are sche- io 
matic diagrams for explaining a state of movement 
for the moving element; 

Figs. 12(A), 12(B), and 12(C) are schematic dia- 
grams for explaining a state of movement for the 
moving element; 75 
Fig. 1 3 is a schematic circuit diagram of an electro- 
static actuator according to a third embodiment of 
the invention; 

Fig. 14(A) is a partial plan view showing a movable 
element, and Fig. 1 4(B) is a partial plan view show- 20 
ing a stator element; 

Fig. 1 5 is a waveform diagram showing voltages ap- 
plied to a movable element and a stator element of 
a third embodiment; 

Figs. 16(A), 16(B), 16(C), 16(D), and 16(E) are 25 
schematic diagrams for explaining a state of move- 
ment for the moving element; 
Figs. 17(A), 17(B), 17(C) and 17(D) are schematic 
diagrams for explaining a state of movement for the . 
moving element; 30 
Fig. 18 is a schematic circuit diagram of an electro- 
static actuator according to a fourth embodiment of 
the invention; 

Fig. 1 9(A) is a partial plan view showing a movable 
element, and Fig. 1 9(B) is a partial plan view show- 35 
ing a stator element; 

Fig. 20 is a partial plan view for explaining arrange- 
ment of electrodes and a ground section of a stator 
element according to the fourth embodiment; 
Fig. 21 is a waveform diagram showing voltages ap- *o 
plied to a movable element and a stator element of 
a fourth embodiment; 

Figs. 22(A), 22(B), 22(C), and 22(D) are schematic 
diagrams for explaining a state of movement for the 
moving element; *$ 
Figs. 23(A), 23(B), 23(C), 23(D). and 23(E) are 
schematic diagrams for explaining a state of move- 
ment for the moving element; 
Fig. 24(A) is a partial plan view showing another ex- 
ample of a stator element provided with a ground so 
section, Fig. 24(B) is a partial plan view showing an- 
other example of a movable element provided with 
a ground section; 

Fig. 25 is a schematic circuit diagram of an electro- 
static actuator according to a fifth embodiment of 55 
the invention; 

Fig. 26(A) is a partial plan view showing a movable 
element, and Fig. 26(8) is a partial plan view show- 



ing a stator element; 

Fig. 27 is a waveform diagram showing voltages ap- 
plied to a movable element and a stator element of 
a fifth embodiment; 

Fig. 28 is a schematic circuit diagram of an electro- 
static actuator according to a fifth embodiment of 
the invention; 

Fig. 29(A) is a partial plan view showing a movable 
element, and Fig. 29(B) is a partial plan view show- 
ing a stator element; 

Fig. 30 is a waveform diagram showing voltages ap- 
plied to a movable element and a stator element of 
a fifth embodiment; 

Figs. 31 (A), 31 (B), 31 (C), and 31 (D) are schematic 
diagrams for explaining a state of movement for the 
moving element; 

Figs. 32(A), 32(B), 32(C), 32(D), and 32(E) are 
schematic diagrams for explaining a state of move- 
ment for the moving element; 
Figs. 33(A), 33(B), 33(C), 33(D) and 33(E) are sche- 
matic diagrams for explaining a state of movement 
for the moving element; 

Figs. 34(A), 34(B), 34(C). 34(D), and 34(E) are 
schematic diagrams for explaining a state of move- 
ment for the moving element; 
Figs. 35(A). 35(B), 35(C). 35(D), and 35(E) are 
schematic diagrams for explaining a state of move- 
ment for the moving element; 
Figs. 36(A), 36(B), and 36(C) are schematic dia- 
grams for explaining a state of movement for the 
moving element; 

Fig. 37 is a waveform diagram showing another ex- 
ample of voltages applied to a movable element and 
a stator element; 

Fig. 38 is a waveform diagram showing another ex- 
ample of voltages applied to a movable element and 
a stator element; 

Fig. 39 is a waveform diagram showing another ex- 
ample of voltages applied to a movable element and 
a stator element; 

Fig. 40 is a schematic diagram showing one exam- 
ple of a conventional electrostatic actuator; 
Fig. 41 is a plan view showing the electrostatic ac- 
tuator of Fig. 40; 

Fig. 42 is a plan view showing another example of 
a conventional electrostatic actuator; 
Fig. 43 is a schematic circuit diagram showing an- 
other example of a conventional electrostatic actu- 
ator; 

Fig. 44 is a plan view showing another example of 
a conventional electrostatic actuator; and 
Fig. 45 is a circuit diagram showing another exam- 
ple of a conventional electrostatic actuator. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

The present invention will then b explained in de- 
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tail based on embodiments illustrated in the drawings. 

There is illustrated in Fig. 1 , Figs. 2(A) and 2(B) an 
electrostatic actuator according to a first embodiment of 
the invention. The electrostatic actuator is provided with 
a movable element 21 , a stator element 22, a control $ 
circuit 23, an operating switch 24, and a high voltage 
source 25. 

The movable element 21 , as shown in Fig. 2(A), has 
a plurality of electrodes 27a. 27b, ... 27a, 27b of a con- 
ductive metal, which are in the form of an elongate rec- io 
tangle for forming a comb shape, provided in one sur- 
face of an sheet-shaped insulation layer 26 formed of 
dielectric such as polyethylene-terephthalate (PET), 
etc. These electrodes 27a, 27b are connected by every 
other one to respective electricity-feed portions 2BA, 15 
28B provided on either sides of the insulation layer 26. 
The electrodes 27a, 27a ... connected to one electricity- 
feed portion 28 A constitute an electrical a-phase, while 
the electrodes 27b, 27b ... connected to the other elec- 
tricity-feed portion 28B constitute an electrical b-phase. 20 

The above-stated electrodes 27a, 27b for each 
phase of the movable element 21 have a width d1 equal- 
ly set. Also, the a-phase electrodes 27a and the b-phase 
electrodes 27b have a spacing, i.e., interval or pitch, of 
electrodes equally set. Provided that the interval be- 25 
tween an arbitrary electrode 27a of the a-phase elec- 
trodes 27a and an b-phase electrode 27b adjacent right- 
ward as viewed in Fig. 1 to this electrode 27a is L1 , and 
the interval between an arbitrary electrode 27b of the b- 
phase electrodes 27b and an a-phase electrode 27a ad- 30 
jacent rightward as viewed in Fig. 1 to the electrode 27b 
is L2, then L1:L2is 1:1. 

The a-phase electrodes 27a of the electrodes 27a, 
27b of the movable element 21 are connected to a 
side of the high-voltage source 25 via the electricity -feed 35 
portion 28 A and a relay R 1 . The relay R 1 acts to connect 
and cut off between the a-phase electrodes 27a and the 
side of the high -voltage source 25, depending on in- 
structions from the control circuit 23. The b-phase elec- 
trodes 27b of the electrodes 27a, 27b of the movable <o 
element 21, on the other hand, are connected to a V 
side of the high-voltage source 25 via the electricity-feed 
portion 28B and a relay R2. The relay R2 acts to connect 
and cut off between the b-phase electrodes 27b and the 
"+' side of the high-voltage source 25, depending on in- *s 
structions from the control circuit 23. 

The stator element 22, as shown in Fig. 2(B), has a 
plurality of electrodes 30a, 30b, ... 30a, 30b of a con- 
ductive metal, which are in the form of elongate rectan- 
gles for forming a comb shape, provided in one surface 50 
of a sheet-shaped insulation layer 29 formed of dielec- 
tric such as polyethylene-terephthalate (PET), etc. 
These electrodes 30a, 30b are connected by every oth- 
er one to respective electricity-feed portions 32A, 32B 
provided on either sides of the insulation layer 29. The 55 
electrodes 30a, 30a ... connected to one electricity-feed 
portion 32A constitute U-phase, while the electrodes 
30b, 30b ... connected to the other electricity-feed por- 



tion 32B form V-phase. 

The above-stated electrodes 30a. 30b for each 
phase of the stator elem nt 22 are set equal in width d2. 
Also, the width d2 is equal to the width d1 of electrodes 
27a, 27b for respective phases of the movable element 
21 . In the stator element 22, th interval between the U- 
phase electrode 30a and the V-phase electrode 30b is 
set unequal. That is, provided that the interval between 
an arbitrary electrode 30a of the U-phase electrodes 
30a and an V-phase electrode 30b adjacent rightward 
as viewed in Fig. 1 to this electrode 30a is L3, and the 
interval between an arbitrary electrode 30b of the V- 
phase electrodes 30b and an U-phase electrode 30a ad- 
jacent rightward as viewed in Fig. 1 to this electrode 30b 
is L4, then L3:L4 is set to 1 :2. 

In this manner, the electrostatic actuator has une- 
qual pitches between electrodes 30a, 30b of the stator 
element 22, to provide two phases to both of the elec- 
trodes 27a, 27b of the movable element 21 and the elec- 
trodes 30a, 30b of the stator element 22. Consequently, 
there is no necessity of providing through-holes or con- 
ductive materials in the movable element 21 and the sta- 
tor element 22, thereby simplifying the structure for the 
movable element 21 and the stator element 22. Further, 
since the electrodes 27a, 27b, 30a. 30b of the movable 
element 21 and the stator element 22 are arranged in 
two electrical phases, it is possible to reduce the number 
of relays required for switching-over of the polarity, here- 
inafter mentioned, as compared with the case employ- 
ing three electrical phases for the stator element. 

The U-phase electrodes 30a of the electrodes 30a, 
30b of the stator element 22 are connected from the 
electricity-feed portion 32A to the ■-• side of the high- 
voltage source 25 via a resistor 33A and a relay R3, to 
the V side of the high-voltage source 25 via a resistor 
33C and a relay R5, and also to a ground 31 having a 
potential of "0" via a resistor 33E and a relay R7. Simi- 
larly, the V-phase electrodes 30b of the electrodes 30a. 
30b of the stator element 22 are connected from the 
electricity-feed portion 32B to the ■-■ side of the high- 
voltage source 25 via a resistor 33B and a relay R4, to 
the ■+" side of the high-voltage source 25 via a resistor 
33D and a relay R6, and also to a ground 31 via a re- 
sistor 33F and a relay R8. The relays R3 - R3 acts to 
connect and cut off between the electrodes 30a, 30b of 
the stator element 22 and the "-" side or the V side of 
the high-voltage source 25 or the ground 31 . A resist- 
ance value of 50 kfl to 300 kft is employed for the re- 
sistors 33A - 33F. 

The control circuit 23 causes the relays R1 - R8 to 
switch over, as stated hereinbelow, to alter the polarity 
of voltages applied to the electrodes 27a, 27b, 30a, 30b 
of the movable element 21 and the stator element 22. 
First, when a voltage is to be applied to the a-phase 
electrodes 27a of the movable element 21, the control 
circuit 23 causes the relay R1 to turn on. Also, when a 
V high voltage isto be applied to the b-phase elec- 
trodes 27b of the movable element 21 , it turns the relay 
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R2 on. 

On the otheV hand, when a voltage is to be ap- 
plied to the electrodes 30a. 30b of the stator element 
22, the control circuit 23 causes the relays R3 and R4 
to turn on, and the relays R5, R6 and the relays R7, R8 s 
to turn off. Also, when a "+" high voltage is applied to 
the electrodes 30a, 30b of the stator element 22, the 
control circuit 23 causes the relays R5, R6 to turn on, 
and the relays R3, R4 and the relays R7, R8 to turn off. 
Further, when rendering the voltage on the electrodes io 
30a, 30b to "0" potential, the relays R7, RB are turned 
on and the relays R3 - R6 are turned off. 

Also, when applying a 1/2 of the ■-■ voltage, denoted 
as *-/2\ to the electrodes 30a, 30b of the stator element 
22 wherein the "-" voltage is one applied by turning on '5 
the relays R3, R4 and turning off the relays R5, R6 and 
the relays R7, R8, the relays R3, R4 and the relays R7, 
R8 are turned on and the relay R5, R6 are turned off. 
Further, when applying a 1/2 of the V voltage, denoted 
as "+/2" wherein the V voltage is one applied by turning 20 
on the relays R5, R6 and turning off the relays R3, R4 
and the relays R7, R8, the relay R5, R6 and the relays 
R7, R8 are turned on and the relay R3, R4 are turned off. 

The operation of the first embodiment will be ex- 
plained next. 25 

In the first embodiment, the control circuit 23 causes 
the relays R1 - R8 to switch over depending on setting 
of the operating switch 24 to thereby apply a voltage fix- 
edly to the electrodes 27a, 27b of the movable element 

21 while periodically switching over the polarity and the 30 
voltage value to apply a high voltage. 

In Fig. 3, the operating switch 24 is set held in 'sta- 
tionary" up to a time tO. During this time period, the re- 
lays R1 to R6 are turned off and the relays R7, R8 are 
turned on, so that the electrodes 27a, 27b of the mova- 35 
ble element 21 and the electrodes 30a, 30b of the stator 
element 22 are at a potential "0" and accordingly the 
movable element 21 is held in a stationary state. 

From the time tO, the operating switch 24 is set to 
"move rightward". On this occasion, a ■-■ high voltage is 40 
applied fixedly to the a-phase electrodes 27a of the mov- 
able element 21 , while a high voltage is applied fix- 
edly to the b-phase electrodes 27b of the movable ele- 
ment 21 . On the other hand, U-phase and V-phase elec- 
trodes 30a, 30b of the stator element 22 is applied by a 45 
voltage with the polarity and the voltage value switched 
periodically. The period T of switching-over of the polar- 
ity and the value of voltage applied to the stator element 

22 involves 12 steps of an equi-time interval a. In this 
case, although the polarity and the voltage value are al- so 
tered respectively in the same pattern for the U-phase 
electrodes 30a and the V-phase electrodes 30b ; the po- 
larity for the V-phase is switched with delay in phase by 

2 steps, or 1/6 T, relative to the U-phase. 

First, at a first step, or from time tO to time t1 in Fig. ss 
3, a state is given as the U-phase: V and the V-phase: 
'0', as shown in Fig. 4(A). At a second step, or from time 
tl to time t2 in Fig. 3, the U-phase: '+" and the V-phase 



•+72", as shown in Fig. 4(B). At a third step, or from time 
t2 to time t3 in Fig. 3, the U-phase: ■+" and the V-phase: 
"+", as shown in Fig. 4(C). At a fourth step, or from time 
t3 to time t4 in Fig. 3, the U-phase: "+/2" and the V-phase 
"+', as shown in Fig. 4(D). At a fifth step, or from time 
t4 to time t5 in Fig. 3, the U-phase: "0* and the V-phase: 
V, as shown in Fig. 4(E). At a sixth step, or from time 
t5 to time t6 in Fig. 3, the U-phase: '72" and the V-phase 
'+72', as shown in Fig. 5(A). At a seventh step, or from 
time t6 to time t7 in Fig. 3, the U-phase: '-" and the V- 
phase: "0", as shown in Fig. 5(B). At an eighth step, or 
from time t7 to time t8 in Fig. 3, the U-phase: "-" and the 
V-phase "-/2", as shown in Fig. 5(C). At a ninth step, or 
from time t8 to time t9 in Fig. 3, the U-phase: "-" and the 
V-phase as shown in Fig. 5(D). At a tenth step, or 
from time t9 to time t10 in Fig. 3, the U-phase: V2" and 
the V-phase: as shown in Fig. 5(E). At an eleventh 
step, or from time t10 to time til in Fig. 3, the U-phase: 
"0" and the V-phase "-", as shown in Fig. 6(A) At a 
twelfth step, or from time t11 to time t1 2 in Fig. 3. the U- 
phase: "+/2" and the V-phase: '-/2\ as shown in Fig. 6 
(B). Thisoperation is thereafter repeated. For instance, 
from time t12 to time tl 3, the U-phase: "+" and the V- 
phase "0" similarly to the case of from time tO to time t1 . 

If voltages are applied to the electrodes 27a, 27b of 
the movable element 21 and the electrodes 30a, 30b of 
the stator element 21, as stated above, the movable el- 
ement 21 is moved rightward as viewed in the figures 
by attractive force and repulsive force resultant from 
force of static electricity caused between the electrodes 
27a, 27b of the movable element 21 and the electrodes 
30a, 30b of the stator element 22, as shown in Figs. 4 
(A) to 6(E). Particularly, in the first embodiment, since 
voltages of five types of combinations of polarities and 
voltage values, i.e., "+", "+/2", '0', V, and are ap- 
plied by switching-over therebetween to the electrodes 
30a, 30b of the stator element 22, the driving force act- 
ing on the movable element 21 varies smoothly to there- 
by smoo the movement of the movable element 21. 

Where the operating switch 24 is set to "move left- 
ward", voltages are applied in the same pattern to the 
electrodes 30a, 30b of the stator element 22 by switch- 
ing the polarity such that the phase for the V-phase elec- 
trodes 30b is advanced by 2 steps with respect to that 
of the U-phase electrodes 30a. 

A second embodiment of the invention shown in 
Fig. 7, Fig. 8(A) and Fig. 8(B) will be explained next. 

In the second embodiment, the electrodes 27a, 27b 
for each phase of the movable element 21 have a width 
dl equally set. Also, the a-phase electrodes 27a and the 
b-phase electrodes 27b have an interval therebetween 
set unequal. That is, provided that the interval between 
an arbitrary electrode 27a of the a-phase electrodes 27a 
and an b-phase electrode 27b adjacent rightward as 
viewed in Fig. 7 to this electrode 27a is L1, and the in- 
terval between an arbitrary electrode 27b of the b-phase 
electrodes 27b and an a-phase electrode 27a adjacent 
rightward as viewed in Fig. 7 to this electrode 27b is 12, 
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L1:L2 is set to 1:2. 

The above-stated electrodes 30a, 30b for each 
phase of the stator element 22 have a width d2 equally 
set. The width d2 is equal to the width d1 electrodes 27a, 
27b for respective phases of the movable element 21. s 
Also, the interval between a U-phase electrode 30a and 
a V-phase electrode 30b is set unequal. That is, provid- 
ed that the interval between an arbitrary electrode 30a 
of the U-phase electrodes 30a and an V-phase elec- 
trode 30b adjacent rightward as viewed in Fig. 7 to the 10 
electrode 30a is L3, and the interval between an arbi- 
trary electrode 30b of the V-phase electrodes 30b and 
an U-phase electrode 30a adjacent rightward as viewed 
in Fig. 7 to the electrode 30b is L4. L3:L4 is set to 1 :2. 

In this manner, the electrostatic actuator according 1 $ 
to the second embodiment has unequal intervals be- 
tween electrodes 27a, 27b of the movable element 21 
and the electrodes 30a, 30b of the stator element 22 to 
thereby provide two phases to the electrodes 27a, 27b, 
30a, 30b respectively of the movable element 21 and 20 
the stator element 22 so that there is no necessity of 
providing through-holes or conductive materials in the 
movable element 21 and the stator element 22, thereby 
simplifying the structure for the movable element 21 and 
the stator element 22 and hence reducing the number 25 
of the relays required for switching-over the polarity. Al- 
so, in the second embodiment, the ratio L1:L2 given in 
interval of the electrodes 27a, 27b of the movable ele- 
ment 21 and the ratio L3:L4 in interval of the electrodes 
30a, 30b of the stator element 22 are set equal, so that 30 
it is possible to constitute the movable element 21 and 
the stator element 22 in the same structure. If fabrication 
is made such that electrodes are arranged at an elec- 
trode pitch of 1 :2 in an insulation layer, it will be appli- 
cable as the movable element 21 and as the stator ele- 35 
ment 22 as well, with reduced manufacturing cost. . 

The second embodiment is the same in structure in 
other respects as the above-stated first embodiment, 
and the same reference characters are used in Fig. 7 
and Fig. 8 for the same elements as those of the first 40 
embodiment. 

The operation of the second embodiment will be ex- 
plained next. 

Fig. 9 shows an example of operation of the second 
embodiment. In Fig. 9, the operating switch 24 is set *s 
held in "stationary" up to a time to. During this time pe- 
riod, the relays R1 , R2, the relays R3, R4, and the relay 
R5, R6 are turned off, and the relays R7, R8 are turned 
on. On this occasion, the electrodes 27a, 27b of the 
movable element 21 and the electrodes 30a, 30b of the so 
stator element 22 are at a potential "0" and accordingly 
the movable element 21 is held in a stationary state. 

From the time 10, when the operating switch is set 
to "move rightward", a "-" high voltage is applied fixedly 
to the a-phase electrodes 27a of the movable element 55 
21, while a "+" high voltage is applied fixedly to the b- 
phase electrodes 27b of the movable element 21. Fur- 
ther, U-phase and V-phase electrodes 30a, 30b of the 



stator element 22 are applied by a voltage with the po- 
larity and the lectric power value periodically switched 
over. The period T of switching-over of the value of po- 
larity and the voltage applied to the stator element 22 
involves 12 steps of an equi-time interval a. Also, al- 
though the polarity and the intensity are switched in the 
same pattern respectively for the U-phase electrodes 
30a and the V-phase electrodes 30b, the phase for the 
V-phase is switched with delay by 2 steps, or 1/6 T, rel- 
ative to the U-phase. 

First, at a first step, or from time tO to time t1 in Fig. 
9, the U-phase: "V2" and the V-phase: "-/2", as shown 
in Fig. 10(A). At a second step, or from time t1 to time 
t2 in Fig. 9, the U-phase: "+" and the V-phase "0". as 
shown in Fig. 10(B). At a third step, or from time t2 to 
time t3 in Fig. 9, the U-phase: V and the V-phase: "+/ 
2", as shown in Fig. 1 0(C). At a fourth step, or from time 
t3to time 14 in Fig. 9, the U-phase: V and the V-phase 
V, as shown in Fig. 10(D). At a fifth step, or from time 
t4 to time t5 in Fig. 9, the U-phase: "+/2" and the V- 
phase: "+", as shown in Fig. 10(E). At a sixth step, or 
from time t5 to time t6 in Fig. 9, the U-phase: "0" and the 
V-phase "+°, as shown in Fig. 11(A). At a seventh step, 
or from time t6 to time t7 in Fig. 9, the U-phase: V2"and 
the V-phase: "+/2", as shown in Fig. 11(B). At a eighth 
step, or from time t7 to time t8 Fig. 9, the U-phase: "-' 
and the V-phase "0", as shown in Fig. 11 (C). At a ninth 
step, or from time t8 to time t9 in Fig. 9, the U-phase: "- 
■ and the V-phase V2", as shown in Fig. 11(D). At a 
tenth step, or from time t9 to time t10 in Fig. 9. the U- 
phase: "-" and the V-phase: "-", as shown in Fig. 11(E). 
At an eleventh step, or from time t10 to time t11 in Fig. 
9, the U-phase: "- /2" and the V-phase "-", as shown in 
Fig. 1 2(A). At a twelfth step, or from time t1 1 to time tl 2 
in Fig. 9, the U-phase: "0" and the V-phase: "-", as shown 
in Fig. 12(B). This is thereafter repeated. For instance, 
from time t12 to time t13 in Fig. 9, the U-phase: "+/2" 
and the V-phase w -/2" similarly to the case of from time 
t1 to time t2. 

If voltages are applied to the electrodes 27a, 27b of 
the movable element 21 and the electrodes 30a, 30b of 
the stator element 21 , as stated above, the movable el- 
ement 21 is moved rightward as viewed in the figures 
by attractive force and repulsive force due to electrostat- 
ic force caused between the electrodes 27a, 27b of the 
movable element 21 and the electrodes 30a, 30b of the 
stator element 22, as shown in Fig. 10(A) to Fig. 12(C). 
In the second embodiment, since voltages of five types 
of combinations of polarities and voltage values, i.e., 
V, "+/2", "0", "-/2", and "-", are applied by switching- 
over therebetween to the electrodes 30a, 30b of the sta- 
tor element 22 in a manner similar to the first embodi- 
ment, the driving force acting on the movable element 
21 varies smoothly to thereby smoo the driving of the 
movable element 21. 

Where the operating switch 24 is set to "move left- 
ward", a voltage may be applied in the same pattern to 
the electrodes 30a, 30b of the stator el m nt 22 by 
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switching-over of the polarity such that the V-phase 
electrodes 30b is advanced by 2 steps in phase with re- 
spect to the U-phase electrodes 30a. 

A third embodiment of the invention shown in Fig. 
13 and Fig. 14 will be explained. 

In the third embodiment, the electrodes 27a, 27b for 
each phase of the movable element 21 are set equal in 
width d1 . The a-phase electrodes 27a and the b-phase 
electrodes 27b are set equal in interval, i.e., L1:L2 = 1: 
1 , similarly to the case of the first embodiment. 

On the other hand, the electrodes 30a, 30b for each 
phase of the stator element 22 are provided such that 
the interval between a U-phase electrode 30a and a V- 
phase electrode 30b is set unequal. That is, provided 
that the interval between an arbitrary electrode 30a of 
the U-phase electrodes 30a and an V-phase electrode 
30b adjacent right ward as viewed in Fig. 1 3 to the elec- 
trode 30a is L3, and the interval between an ^arbitrary 
electrode 30b of the V-phase electrodes 30b and a U- 
phase electrode 30a adjacent rightward as viewed in 
Fig. 1 3 to the electrode 30b is L4, L3:L4 is set to 1 : 3. In 
the third embodiment, no resistor is interposed between 
the U-phase and V-phase electrodes 30a, 30b and the 
relays R3 - R8. 

The electrostatic actuator according to the third em- 
bodiment has two electrical phases for the electrodes 
27a, 27b of the movable element 21 and the electrodes 
30a, 30b of the stator element 22 so that there is no 
necessity of providing through-holes or conductive ma- 
terials in the movable element 21 and the stator element 
22, thereby simplifying the structure for the- movable el- 
ement 21 and the stator element 22 and hence reducing 
the number of the relays required for switching the po- 
larity. The third embodiment is the same in structure on 
other points as in the first embodiment. 

Next, the operation of the third embodiment will.be 
explained. 

Fig. 15 shows an example of operation of the third 
embodiment. In Fig. 15, the operating switch 24 is set 
held in "stationary" up to a time tO. During this time pe- 
riod, the relays R1 - R6 are turned off, and the relays 
R7, R8 are turned on so that the electrodes 27a, 27b of 
the movable element 21 and the electrodes 30a, 30b of 
the stator element 22 are at a potential "0" and accord- 
ingly the movable element 21 is held in a stationary 
state. 

From the time tO, the operating switch is set to 
"move rightward", and accordingly a "-" high voltage is 
applied fixedly to the a-phase electrodes 27a of the mov- 
able element 21 while a V high voltage is applied fix- 
edly to the b-phase electrodes 27b of the movable ele- 
ment 21. Also, the U-phase and V-phase electrodes 
30a, 30b of the stator element 22 are applied with volt- 
ages by periodically switching over the polarity and the 
intensity thereof. The period T during one-tim switch- 
ing-over of the polarity and the intensity of voltage ap- 
plied to the stator iement 22 involve 8 steps of an equi- 
time interval a. Also, although the polarity and the inten- 



sity are switched in the same pattern for the U-phase 
electrodes 30a and the V-phase electrodes 30b, the V- 
phase is switched with delay in phase by 2 steps, or 1/6 
T, relative to the U-phase. 
5 First, at a first step, or from time 10 to time t1 in Fig. 
15, the U-phase: '+" and the V-phase: "0", as shown in 
Fig. 16(A). At a second step, or from time t1 to time t2 
in Fig. 15, the U-phase: "+" and the V-phase "+*. as 
shown in Fig. 16(B). At a third step, or from time t2 to 
10 time t3 in Fig. 1 5, the U-phase: "0* and the V-phase: V, 
as shown in Fig. 16(C). At a fourth step, or from time t3 
to time 14 in Fig. 15, the U-phase: "-" and the V-phase 
"+", as shown in Fig. 16(D). At a fifth step, or from time 
t4 to time t5 in Fig. 15, the U-phase: "-" and the V-phase: 
15 •0", as shown in Fig. 1 6(E). At a sixth step, or from time 
t5 to time t6 in Fig. 15, the U-phase: V and the V-phase 
"-", as shown in Fig. 17(A). At a seventh step, or from 
time t6 to time t7 in Fig. 15, the U-phase: "0" and the V- 
phase: V, as shown in Fig. 17(B). At an eighth step, or 

20 from time t7 to time t8 Fig. 1 5, the U-phase: "+" and the 
V-phase "-", as shown in Fig. 17(C). This is thereafter 
repeated. For instance, from time t8 to time t9 in Fig. 15, 
the U-phase: "+" and the V-phase "0" similarly to the 
case of from time t1 to time t2. 

25 if voltages are applied to the electrodes 27a, 27b of 
the movable element 21 and the electrodes 30a, 30b of 
the stator element 21, as stated above, the movable el- 
ement 21 is moved rightward by attractive force and re- 
pulsive force resultant from electrostatic force caused 

30 between the electrodes 27a, 27b of the movable ele- 
ment 21 and the electrodes 30a, 30b of the stator ele- 
ment 22, as shown in Fig. 16(A) to Fig. 17(D). 

A fourth embodiment of the invention shown in Fig. 
18, Fig. 19(A) and Fig. 19(B) will be explained. 

35 in the fourth embodiment, the stator element 22 has 
a ground section 40 which is connected to the ground 
31 to be kept always at a potential "0". 

The ground section 40 is provided in a surface on 
a side of the insulation layer 29 where the electrodes 

40 30a, 30b of the stator element 22 are provided, and 
formed by a metallic film provided in a zigzag form be- 
tween the electrodes 30a and 30b, as shown in Fig. 19 
(A). Specifically, the connecting section 40 is provided 
with first portions 40a provided in a wide-rectangular 

45 form parallel with the electrodes 30a, 30b between an 
arbitrary electrode 30a of the U-phase electrodes 30a 
and a V-phase electrode 30b adjacent downward as 
viewed in Fig. 19(A) thereto, and second portions 40b 
provided in a narrow-rectangular form parallel with the 

50 electrodes 30a, 30b between an arbitrary electrode 30b 
of the V-phase electrodes 30b and a U-phase electrode 
30a adjacent downward thereto as viewed in Fig. 19(A). 
Also, the first portions 40a and the second portions 40b 
are connected by connecting portions 40c with a narrow 

55 width provided in parallel with the electricity -feed por- 
tions 28A, 28B. 

The ground s ction 40, as shown in Fig. 18, is con- 
nected to a ground at a potential of "0". No relays or the 
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like are interposed between the ground section 40 and 
the ground 31 so that the potential thereof is kept at "0" 
regardless of the voltage applied to the lectrodes 27a, 
27b, 30a, 30b of the movable element 21 and the stator 
element 22. 5 

The U-phase electrodes 30a and the V-phase elec- 
trodes 30b of the stator element 22 have a width d2 set 
equal. Also, the interval between electrodes 30a, 30b is 
set unequal. That is, provided that the interval between 
an arbitrary electrode 30a of the U-phase electrodes io 
30a and a V-phase electrode 30b adjacent rightward as 
viewed in Fig. 18 to the electrode 30a is L3, and the 
interval between an arbitrary electrode 30b of the V- 
phase electrodes 30b and an U-phase electrode 30a ad- 
jacent rightward as viewed in Fig. 18 to the electrode 1$ 
30b is L4, L3:L4 is set to 5:3. 

As shown in Fig. 19(A), the first portion 40a of the 
above ground section 40 has a width d3 which is set 
such that the ratio thereof, or d2:d3, with respect to the 
width d2 of the U-phase and V-phase electrodes 30a, 20 
30b becomes 1 :2. Also, the ground section 40 has a 
width d4 which is set such that the ratio thereof, or d2: 
d4, with respect to the width d2 of the U-phase and V- 
phase electrodes 30a, 30b becomes 5:2. 

Incidentally, provided that the width of the insulation 2S 
layer 29 between an electrode 30a and an electrode 
40a, between an efectrode 40a and an electrode 30b, 
between an electrode 30b and an electrode 40b, and 
between an electrode 40b and an electrode 30a, is d5, . 
d2:d3:d4:d5 = 10:20:4:5. & 

In the stator element 22 of the fourth embodiment, 
the arrangement of the electrodes 30a, 30b as well as 
the first portion 40a and the second portion 40b of the 
ground section 40 were designed in a manner described 
hereinbelow. 35 

As shown in Fig. 20, assumption is made on the sta- 
tor element 22 that U-phase electrodes 30a and V- 
phase electrodes 30b thereof have the same width d20 
with the ratio of distance L5, L6 between electrodes is 
3: 1 , in a manner similar to the third embodiment. In Fig. *o 
20, a set of the electrodes placed every other one, e.g., 
the electrodes 30a of electrode pairs X- 2, X-4 and the 
electrodes 30b of electrode pairs X-1 , X-3, are omitted 
from the electrode pairs X-1, X-2, X-3, ... juxtaposed 
downward in the order of a U-phase electrode and a V- *s 
phase efectrode, and in such state a ground section 40 
is provided between the electrodes 30a, 30b. Also, the 
width of the electrodes 30a, 30b is set wide by increas- 
ing from d20 to d2, as shown in Fig. 19(A), so as to de- 
crease small the spacing between the ground section 50 
40 and an electrodes 30a, 30b. 

In the fourth embodiment, the structure of the mov- 
able element 21 shown in Fig. 19(B) is similar to the 
above-stated first embodiment, wherein the width d1 of 
the a-phase electrodes 27a and b-phase electrodes 27b ss 
is constant, and the ratio in interval of electrodes, or L1 : 
L2» is 1:1. Also, provided that the width of the insulation 
layer 26 between an electrode 27a and an electrode 



27b, and between an electrode 27b and an electrode 
27a is d6, the ratio d1:d2:d3:d4:d5:d6 is 10:10:20:4:5:6 
and th ratio L1:L2:L3:L4:L5:L6 is 2:2:5:3:3:1. 

The structures in other respects for the fourth em- 
bodiment are the same as th third embodiment, and 
the same elements are denoted by the same reference 
characters to omit explanation thereon. 

the operation of the fourth embodiment will be ex- 
plained. 

To drive the electrostatic actuator according to the 
fourth embodiment, voltages with a waveform similar to 
the third embodiment may be applied. 

Fig. 21 shows one example of operation of the 
fourth embodiment, wherein in Fig. 21 the operating 
switch 24 is set held in 'stationary" up to a time tO. During 
this time period, the relays R1 • R5, R6 are turned off 
and the relays R7, R8 are turned on so that the voltages 
applied to the electrodes 27a, 27b of the movable ele- 
ment 21 and the electrodes 30a, 30b of the stator ele- 
ment 22 become '0', and accordingly the movable ele- 
ment 21 is held in a stationary state. 

From the time to, the operating switch is set to 
"move rightward', and accordingly a V high voltage is 
applied fixedly to the a-phase electrodes 27a of the mov- 
able element 21 while a "-"high voltage is applied fixedly 
to the b-phase electrodes 27b of the movable element 
21 . Also, the U-phase and V-phase electrodes 30a, 30b 
of the stator element 22 are applied by a voltage with 
the polarity and the intensity thereof switched periodi- 
cally. The period T of one-time switching of the polarity 
and the intensity of voltage applied to the stator element 
22 involves 8 steps of an equi-time interval a. Also, al- 
though the polarity and the intensity are switched in the 
same pattern for the U-phase electrodes 30a and the V- 
phase electrodes 30b, the V-phase is switched with de- 
lay in phase by 2 steps, or 1/6 T, relative to the U-phase. 

First, at a first step, or from time to to time t1 in Fig. 
21 , a state is given as the U-phase: and the V-phase: 
"0", as shown in Fig. 22(A). At a second step, or from 
time t1 to time t2 in Fig 21, the U-phase: and the V- 
phase as shown in Fig. 22(B). At a third step, or from 
time t2 to time t3 in Fig. 21 , the U-phase: "0" and the V- 
phase: as shown in Fig. 22(C). At a fourth step, or 
from time t3 to time t4 in Fig. 21, the U-phase: V and 
the V-phase as shown in Fig. 22(D). At a fifth step, 
or from time t4 to time t5 in Fig. 21 , the U-phase: V and 
the V-phase: "D", as shown in Fig. 23(A). At a sixth step, 
or from time t5 to time t6 in Fig. 21 , the U-phase: and 
the V-phase '+", as shown in Fig. 23(B). At a seventh 
step, or from time t6 to time t7 in Fig. 21 , the U-phase: 
"0" and the V-phase: '+", as shown in Fig. 23(C). At an 
eighth step, or from time t7 to time t8 Fig. 21, the U- 
phase: and the V-phase "+", as shown in Fig. 23(D). 
This is thereafter repeated. For instance, from time t8 to 
time t9, the U-phase: "-' and the V-phase *0" similarly 
to the case of from time tl to time t2, as shown in Fig 23 
(E). 

If voltages are applied to the electrodes 27a, 27b of 
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the movable element 21 and the electrodes 30a, 30b of 
the stator element 21, as stated above, the movable el- 
ement 21 is moved in the rightward direction by attrac- 
tive force and repulsive force resultant from electrostatic 
force caused between the electrodes 27a, 27b of the s 
movable element 21 and the electrodes 30a, 30b of the 
stator element 22, as shown in Fig. 22(A) to Fig. 23(E). 

In the fourth embodiment, the ground section 40 is 
provided to hold at all times the voltage on the stator 
element 22 at "0" potential. Consequently, even if volt- io 
ages are applied to the electrodes 30a, 30b in such a 
waveform that the U-phase electrodes 30a and the V- 
phase electrodes 30b of the stator element 22 be ap- 
plied simultaneously by voltages of the same polarity, 
the insulation layer 29 of the stator element 22 can be is 
prevented from being electrified due to the same polarity 
applied to the U-phase and the V-phase electrodes 30a, 
30b, thereby preventing the driving force for tjje mova- 
ble element 21 from lowering due to electrification. 

Although both of the electrodes 30a and 30b are ' 20 
applied by voltages in a same polarity at the second step 
shown in Fig. 22(B). or from time t1 to time t2 in Fig. 21 . 
or at the sixth step shown in Fig. 23(B), or from time t5 
to time t6 in Fig. 21, for instance, the first portions 40a 
and the second portions 40b of the ground section 40 25 
are arranged between the electrodes 30a, 30b so that 
the insulation layer 29 of the stator element 29 is pre- 
vented from being electrified. 

Also, because the ground section 40, whose poten- . 
tial is kept at "0", is provided in the stator element 22, 30 
as stated above, even when voltages is applied to the 
electrodes 30a, 30b by switching of the polarity involve 
deviation toward a V or ■-■ side within one period T, the 
insulation layer 29 of the stator element 22 can be pre- 
vented from electrification. 35 

The structure of the electrodes in the stator element 
22 or the movable element 21 in the case of providing 
the ground section 40 is not limited to the above. For 
instance, as shown in Fig. 24(A), broad-width rectangu- 
lar portions 45a may be provided solely in an interval, *o 
which is greater, between a U-phase electrode 30a and 
a V-phase electrode 30b juxtaposed in that order from 
the above to the below such that line portions 45b con- 
nect the rectangular portions 45a in series. 

Also, a ground section 46 may be provided in the 
movable element 21, as shown in Fig. 24(B). In Fig. 24 
(B), the ratio of the intervals L1, 12 of the a-phase and 
b-phase electrodes 27a, 27b is 1:1, so that the ground 
section 46 is provided by micro-processing between the 
electrodes 27a, 27b because of narrowness of interval 
between the electrodes. 

In this manner, it is possible to provide a ground sec- 
tion in either one or both of the movable element 21 and 
the stator element 22. 

Fig. 25, Fig. 26(A) and Fig. 26(B) show a fifth em- 55 
bodiment of the present invention. 

The movable element 21 of the fifth embodiment 
has electrodes 27a, 27b provided in an insulating layer 



26 so that electrodes 27a ? 27b located by every other 
one are connected to respective electricity -feed sec- 
tions 28A, 28B provided at either sides of the insulation 
layer 26. The electrodes 27a, 27a ... connected to one 
electricity-feed section 28A is for a-phase, whereas the 
electrodes 27b, 27b ... connected to the other electricity- 
feed section for b-phase. Also, the electrodes 27a, 27b 
has a width d1 and an electrode pitch set equal for each 
phase, i.e., L1:L2= 1:1. 

The electrodes 27a. 27b of the movable element 21 
include a-phase electrodes 27a which are connected 
from the electricity-feed section 28A to a '-" side of a 
high voltage source 25 and a ground 31 via a relay R21 . 
The electrodes 27a, 27b of the movable element 21 also 
include b-phase electrodes 27b which are connected 
from the electricity-feed section 28B to a "+" side of the 
high voltage source 25 as well as the ground 31 via a 
relay R22. The relays R21, R22 are switched over be- 
tween an x side and a y side by instructions from a con- 
trol circuit 23. When it is switched to the x side, the elec- 
trodes 27a, 27b are connected to the •-' side or the V 
side of the high voltage source 25, whereas when con- 
nected to the y side, the electrodes 27a, 27b is connect- 
ed at the potential "0". 

The stator element 22, as shown in Fig. 26(B), has 
electrodes 30a, 30b provided in an insulation layer 29 
so that the electrodes 30a, 30b located every other one 
are connected to electricity-feed sections 32A, 32B pro- 
vided on either sides of the insulation layer 29. The elec- 
trodes 30a, 30a ... connected to one electricity-feed sec- 
tion 32A constitute U-phase, whereas the electrodes 
31b, 31b ... connected to the other electricity-feed sec- 
tion 32B V-phase. The electrodes 30a, 30b have a width 
d2 set equal, and L3:L4 is set to 1 :3. 

Also, a resistor 45 A is interposed between relays 
R23, R25, R27 and the U-phase electrodes 30a. Also, 
a resistor 45B is interposed between relays R24, R26, 
R28 and the V-phase electrodes 30b. These resistors 
45A, 45B serve as a low-pass filter, so that they remove 
a high-frequency component out of an alternating cur- 
rent in a rectangular waveform outputted from the relays 
R23 - R28 so as to convert into a waveform presenting 
a curve with smooed rise and fall portions for outputting 
it to the electrodes 30a, 30b of the stator element 22. 

The operation of the fifth embodiment will be ex- 
plained. 

Fig. 27 shows one example of operation of the fifth 
embodiment, wherein in Fig. 27 the operating switch 24 
is set held in •stationary' up to a time tO. During this time 
period, the relays R21 and R22 are set to the y side, and 
R23 - R26 are turned off with relays R27, R28 turned on 
so that the potential of the electrodes 27a, 27b of the 
movable element 21 and the electrodes 30a, 30b of the 
stator element 22 become 0", and accordingly the mov- 
able element 21 is held in a stationary state. 

From the time 10, the operating switch is set to 
'move rightward', and a high voltage is applied fix- 
edly to the a-phase electrod s 27a of the movable ele- 
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ment 21 while a V high voltage is applied fixedly to the 
b-phase electrodes 27b of the movable element 21 Al- 
so, the U-phase and V-phase electrodes 30a, 30b of the 
stator element 22 are applied by a voltage with the po- 
larity and the voltage value thereof periodically switched 
over. The period T of one-time switching-over of the po- 
larity and the value of voltage applied to the stator ele- 
ment 22 involves B steps of an equi-time interval a. Also, 
although the polarity and the intensity are switched in 
the same pattern for the U-phase electrodes 30a and 
the V-phase electrodes 30b, the V-phase is switched 
with delay in phase by 2 steps, or 1/6 T, relative to the 
U-phase. 

First, at a first step, or from time tO to time t1 in Fig. 
27, the U-phase: V and the V-phase: "0". At a second 
step/or from time t1 to time t2 in Fig. 27, the U-phase: 
V and the V-phase V. At a third step, or from time t2 
to time t3 in Fig. 27, the U-phase: "0" and they-phase: 
V. At a fourth step, or from time t3 to time t4 in Fig. 27, 
the U-phase: and the V-phase V. At a fifth step, or 
from time t4 to time t5 in Fig. 27, the U-phase: and 
the V-phase: "0". At a sixth step, or from time t5 to time 
t6 in Fig. 27, the U-phase: •-■ and the V-phase At a 
seventh step, or from time t6 to time t7 in Fig. 27, the U- 
phase: "0" and the V-phase: At an eighth step, or 
from time t7 to time t8 Fig. 27, the U-phase: - +" and the 
V-phase This is thereafter repeated. For instance, 
from time t8 to time t9, the U-phase: V and the V-phase 
"0" similarly to the case of from time t1 to time t2. 

The waveform of the alternating current, which is 
outputted from the high voltage source via the relays 
R23 - R28, is in a rectangular form, as shown by the 
two-dot chain lines in Fig. 27. The alternating current in 
a rectangular form outputted from the relays R23 - R28 
is inputted to the resistors 45A, 45B which are inter- 
posed between the relays R23 - R2S and the electrodes 
30a, 30b. To this end, the voltages outputted from the 
resistors 45A, 45B have delay of time caused in a wave- 
form thereof with respect to the waveforms of the input 
voltages shown by the two-dot chain lines so that the 
voltage is given with a rise portion a presenting a 
smoothly inclined curve upwardly convex as viewed in 
the figure and a fall portion b presenting a smoothly in- 
clined curve downwardly convex as viewed in the figure. 
Consequently, the voltages outputted from the resistors 
45A, 45B to the electrodes 30a, 30b become to assume 
a wave-like waveform, as shown by the solid lines in Fig. 
27. 

In this manner, in the fifth embodiment, the wave- 
form of the voltages applied to the electrodes 30a, 30b 
of the stator element 22 is in the wave-like form having 
smoothlyinclined curves in the rise portion a and the fall 
portion b. Hence, even where the voltage is switched 
from "0" to V or "- 1 or the voltage is changed from "+" 
or "-' to "0", the switching is smoothly performed. Con- 
sequently, the driving force for the movable element 21 
is smoothly varied upon switching over of the voltages 
applied to the electrodes 30a, 30b of the stator element 



29, thereby largely reducing noise from the movable el- 
ement 21. 

In the fifth embodim nt, since th sum of the elec- 
trostatic capacitances C for the U-phase and V-phase 

s electrodes 30a and 30b are each 8000 pF and the re- 
sistance values R for the resistors 45A, 45B are 500 Kft, 
the time constant t becomes (8000 x 1 0" 1 2 ) x (500 x 1 0 3 ) 
= 40 x 10" 4 = 4 (ms). With the time delay of 4ms, the 
voltages rise and lower in an appropriate period of time 

10 to thereby provide significant reduction of noise from the 
movable element 21. 

However, the resistance values for the resistors 
45A, 45B are not limited to the value 500 ktt, it may be 
set so as to provide an appropriate time constant t in 

is accordance with the electrostatic capacitances for the 
electrodes 30a, 30b. It is preferred to specify the resist- 
ance values for the resistors 45 A, 45B in a range of from 
300 k£) to 1 xn, when the electrostatic capacitances for 
the electrodes 30a, 30b are 8000 pF. If the resistance 

20 value is set to 1 xft or greater, noise is effectively re- 
duced, but the time constant becomes excessively 
large, so that if the time a of one step is taken short, the 
time a will elapse before completion of rising or falling 
of the voltage value, thereby making it impossible to 

25 drive the movable element at a high speed. On the other 
hand, if this resistance value is set to 300 kft or smaller, 
the time constant x becomes excessively small, and ac- 
cordingly the voltage abruptly rises or falls as if the re- 
sistors 45A, 45B are not provided, thereby offering in- 

30 sufficient effect of noise reduction. 

If the values of the resistors 45A, 45B are 300 Ktt 
or smaller, or 50 kfl to 300 kfi, as employed in the first 
embodiment, the voltage waveform becomes rectangu- 
lar. 

35 Fig. 28 and Fig. 29 show a sixth embodiment of the 
present invention. 

The movable element 21, as shown in Fig. 29(A), 
has electrodes 27a. 27b provided in a surface of an in- 
sulating layer 26 so that electrodes 27a ( 27b located 

40 every other one are connected to respective electricity- 
feed portions 28A, 28B provided at either sides of the 
insulation layer 26. The electrodes 27a, 27a ... connect- 
ed to one electricity-feed section 28A is for a-phase, 
whereas the electrodes 27b, 27b ... connected to the 

45 other electricity-feed section for b-phase. Also, the elec- 
trodes 27a, 27b has a width d1 set equal, and L1 :L2 is 
setto1:1. 

The electrodes 27a, 27b of the movable element 21 
include a-phase electrodes 27a which are connected 

so from the electricity-feed section 28A to a V side and a 
"-■ side of a high voltage source 25 and a ground 31 
respectively via relays R31 , R33. and R35. The elec- 
trodes 27a, 27b of the movable element 21 also include 
b-phase electrodes 27b which are connected through 

55 the electricity-feed section 28B to a side and a V 
side of the high voltage source 25 and the ground 31 
respectively via relays R32, R34, and R36. 

The stator element 22, as shown in Fig. 29(B), has 
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electrodes 30a, 30b provided in an insulation layer 30 
so that the electrodes 30a, 30b located by every other 
one are connected to electricity -feed sections 32A, 32B 
provided on either sides of the insulation layer 29. The 
electrodes 30a connected to one electricity-feed portion s 
32A constitute U-phase, whereas the electrodes 31b 
connected to the other electricity-feed section 32B V- 
phase. 

The electrodes 30a, 30b for each phase have a 
width d2 set equal, wherein the width d2 is equal to the 10 
width d1 of the electrodes 27a, 27b for each phase of 
the movable element. Also, setting is made as L3:L4 = 

1:3. 

The U-phase electrodes 30a of the stator element 
22 are connected from the electricity-feed portion 32A 
via relays R41, R43, R45 respectively to a V side and 
a "-' side of a high voltage source and a ground 31 . Also, 
the V-phase electrodes 30b of the stator element 22 are 
connected from electricity-feed portion 32B via relays 
R42, R44, R46 respectively to a V side and a*-" side 20 
of a high voltage source 25 and a ground 31 . 

The operation of the sixth embodiment will be ex- 
plained. 

In Fig. 30, the operating switch 24 is set to "station- 
ary" before time t6 and after time t23. 25 

Incidentally, as shown in Figs. 31(A)-(D), the rela- 
tion in position of the movable element 21 and the stator 
element 22 while the movable element 21 is stationary 
lies in that the a-phase electrodes 27a of the movable 
element 21 are opposed to the U-phase electrodes 30a 30 
of the stator element 22 and the v-phase electrodes 30b 
of the stator element 22 is in a position intermediate be- 
tween an a-phase electrode 27a of and a b-phase elec- 
trode 27b of the movable element 21 . 

While the movable element 21 is stationary, voltag- 35 
es are applied to the a-phase electrodes 27a of the mov- 
able element 21 and the U-phase electrodes 30a of the 
stator element 22 so that the movable element 21 is at- 
tracted toward and fixedly held over the stator element 
22 by attractive force between the electrodes 27a and *o 
30a due to static electricity. The application of voltages 
to the electrodes 27a, 30a is performed so as not to elec- 
trify the insulation layers 26, 29 of the movable element 
21 and the stator element 22. 

Specifically, while the movable element 21 is sta- *s 
tionary, voltages are applied to the electrodes 27a, 27b, 
30a, 30b of the movable element 21 and the stator ele- 
ment 22 with repetition of a minute-time period T involv- 
ing a first attraction step S1\ a first ground connection 
step S2\ a second attraction step S3', and second so 
ground connection step S4*. The first and second attrac- 
tion steps S1 ' and S3* are equal in duration, and the first 
and second ground connection steps also have equal 
duration. 

During the first attraction step S1 or time t1 to time 55 
t2 in Fig. 30, a "-" voltage is applied to the a-phase elec- 
trodes 27a of the movable element 21, and a voltage 
with a polarity "+" is applied to the U-phase electrodes 



30a of the stator element 22 in opposite to the a-phase 
electrodes 27a. On the other hand, the b-phase elec- 
trodes 27b of the movable element 21 and the V-phase 
electrodes 30b of the stator element 22 are connected 
to the ground 31 to thereby render the potential "0", as 
shown in Fig. 31(A). Consequently, during the first at- 
traction step S1 ', attractive force is created between the 
a-phase electrodes 27a and the U-phase electrodes 
30a due to static electricity, as shown by arrows in Fig. 
31(A), so that the stator element 22 is attracted toward 
the movable element 21, thereby fixedly holding it in a 
stationary state. 

In the first ground connection step S2\ or time t2 to 
time t3 in Fig. 30, subsequent to the first attraction step 
51 \ all the electrodes 27a, 27b, 30a, 30b are connected 
to the ground 31 to render their potentials "0", as shown 
in Fig. 31(B). 

In the second attraction step S2\ or time t3 to time 
t4 in Fig. 30, subsequent to the first ground connection 
step S1 \ voltages are applied to the a-phase electrodes 
27a of the movable element 21 and U-phase electrodes 
30a of the stator element 22 in polarities reverse to the 
first attraction step S1\ That is, a "+" voltage is applied 
to the a-phase electrodes 27a, while applying a "-" volt- 
age to the U-phase electrodes 30a opposite thereto, as 
shown in Fig. 31(C). Also, the b-phase electrodes 27b 
and the V-phase electrodes 30b are connected to the 
ground 31 to render their potentials "0". 

In the second attraction step S3\ attractive force is 
created between the a-phase electrodes 27a and the U- 
phase electrodes 30a due to static electricity so that the 
movable element 21 is fixedly held in a stationary state, 
as shown in Fig. 31(C), similarly to the first attraction 
state SI. 

The second attraction step S3' is followed by the 
second ground connection step S4\ or time t4 to time 
t5 in Fig. 30, wherein all the electrodes 27a, 27b, 30a, 
30b of the movable element 21 and the stator element 
22 are connected to the ground 31 to render their po- 
tentials "0", as shown in Fig. 31 (D). 

Thus, in the sixth embodiment, since the movable 
element 21 is fixedly held on the stator element 22 by 
the attractive force created between the a-phase elec- 
trodes 27a of the movable element 21 and the U-phase 
electrodes 30a of the stator element 22 during the first 
and second attraction steps S1\ S3', there is no neces- 
sity of providing an external holding mechanism for hold- 
ing fixedly the movable element 21 in a stationary state. 

Also, the polarities of voltages applied to the a- 
phase electrodes 27a and the U-phase electrodes 30a 
are reversed between the first attraction step SV and 
the second attraction step S3 1 as stated above, and the 
first attraction step SV and the second attraction step 
S3' have the equal duration, so that the sum of voltages 
applied to the movable element 21 and the stator ele- 
ment 22 is "0". Therefor , the first embodiment can pre- 
vent the insulation layers 26, 29 from electrifying upon 
applying voltages to the electrodes 27a, 27b, 30a, 30b. 
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Further, in the sixth embodiment, the first ground 
connection step S2' and the second ground connection 
step S4' are provided b tween the first attraction step 
S2' and the second attraction step S4', wherein V or 
' polarity voltages are applied to the a-phase, b-phase $ 
electrodes 27a, 27b of the movable element 21 and the 
U-phase, V-phase electrodes of the stator element 22, 
to bring the potentials of the electrodes 27a, 27b, 30a, 
30b to "0" before switching-over of the polarities of the 
a-phase and b-phase electrodes 27a, 27b and the U- io 
phase and V-phase electrodes 30a, 30b. Therefore, the 
polarities of voltages applied to the electrodes 27a, 27b, 
30a, 30b is not suffered by instantaneous and abrupt 
chang in g-over, being prevented from occurrence of so- 
called ripple noise as a factor for malfunction. 15 

Furthermore, the provision of the first and second 
ground connection steps S2\ S4' for bringing all the po- 
tentials of the electrodes 27a, 27b, 30a, 30b to "O" po- 
tential contributes to improve the efficiency of removing 
electrification to be caused by inversion of voltages ap- 20 
plied to the a-phase and b-phase electrodes 27a, 27b 
and the U-phase and V-phase electrodes 30a, 30b dur- 
ing the above first and second attraction steps S1\ S3*. 

In Fig. 30, although the potential on the b-phase 
electrodes 27b and the V-phase electrode 30b are ren- 25 
dered '0", voltages may respectively be applied to these 
electrodes 27b, 30b with similar waveforms to those for 
the a-phase electrodes 27a and the U-phase electrodes 
30a. 

In Fig. 30, the operating switch 24 is set to "move 30 
rightward" during time t6 to time t23. 

When driving the movable element 21 , voltages are 
applied by repetition of the period T involving the first to 
eight steps St to S8, wherein the first to eighth steps S1 
to S8 are each divided with a early-half period p and a 35 
later-half period q. Voltage is applied during the early- 
half period p of each steps S1 to S8 such that a driving 
force acts on the movable element 21 whereas voltage 
is applied with reversed polarity, during the later-half pe- 
riod q for prevention of electrification on the insulation *o 
layers 26, 29. 

A voltage of the "-■ polarity is applied to the a-phase 
electrodes 27a of the movable element 21 during the 
early-half period p of the first step S1 , and a voltage of 
the polarity, with the polarity reversed, is applied dur- <s 
ing the later-half period q of the first step S1 . Also, in the 
second to eighth steps S2 to SB, voltage is applied in 
■ during the early-half period p and V during the later- 
half period q, similarly to the above first step S1 . To the 
b-phase electrodes 27b of the movable element 21, a 50 
voltage of the V polarity is applied during the early-half 
period p of the first step S1 , and a voltage of the po- 
larity is applied by reversing the polarity during the later- 
half period q of the first step S1 . Similarly, in the second 
to eighth steps S2 to SB, voltages are applied in •-" dur- ss 
ing the early-half period p and during the later-half 
period q. 

In the sixth embodiment, since voltage is applied 



with such waveform, the sum of the voltages, applied 
within each of steps S1 to S8 to either the a-phase and 
b-phas el ctrodes 27a, 27b, become "0', and the sum 
of voltages applied within one period T is also "0". There- 
fore, the insulation layer 26 is prevented from being 
electrified by the voltages applied to the electrodes 27a, 
27b of the movable element 21 upon driving the mova- 
ble element 21 . 

During the movement of the movable element 21 , 
voltages in the same waveform are applied to the U- 
phase and V-phase electrodes 30a, 30b of the stator el- 
ement 22 such that the voltage for the V-phase elec- 
trodes 31a is advanced by two steps, or 1/4 T in phase 
with respect to the voltage for the U-phase electrodes 
30b. 

In the early-half periods p of the first to eighth steps 
S1 to S8, voltages of "+", V, "0", "0', m Q\ and 
V are respectively applied to the U-phase electrodes 
30a, for acting a driving force on the movable element 
21 . On the other hand, in the later-half periods q of the 
first to eighth steps S1 to S8, voltages with reversed po- 
larities of "«", "0", ■+", '+", V, "0", and are respec- 
tively applied thereto. 

Then, in the early-half periods p of the first to eighth 
steps S1 to S8, voltages of '0", "+", V, V. "-" and 
■-■ are respectively applied to the V-phase electrodes 
30b, for acting a driving force on the movable element 
21 . On the other hand, in the later-half periods q of the 
first to eighth steps S1 to S8, voltages with reversed po- 
larities of "0", "0", "+\ V, and are respec- 
tively applied thereto. 

Thus, in the sixth embodiment, since voltages with 
polarities, which are reverse to the polarities for the volt- 
ages applied to the early-half periods of the first to eighth 
steps S1 to S8, are applied to the U-phase and V-phase 
electrodes 30a, 30b during the later-half periods q, the 
sum of voltages applied to the U-phase and V-phase 
electrodes 30a, 30b is "0" for each step S1 to S10, and 
hence the sum of voltages applied, within each period 
T, to the U-phase and V-phase electrodes 30a, 30b of 
the stator element 22 is also "0". Therefore, the electro- 
static actuator of the sixth embodiment can prevent the 
insulation layer 29 from electrifying due to application of 
voltages to the electrodes 30a, 30b of the stator element 
22 upon driving the movable element 21 . 

The movement of the movable element 21 within 
one period T will be explained with referring to Fig. 32 
to Fig. 36. 

Here, it is assumed that the relationship in position 
between the movable element 21 and the stator element 
22 is in a state of Fig. 32(A) at a time point that the op- 
erating switch 24 is set to "move", because the a-phase 
electrode 27a of the movable element 21 . in a stationary 
state of the movable element 21, is opposite to the U- 
phase electrode of the stator element 22 and the V- 
phase electrodes 30b are in an intermediate position be- 
tween an a-phase el ctrode 27a and a b-phas elec- 
trode 27b of the movabl element 21 . 
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As shown in Fig. 32(A), the a-phase and b-phase 
electrodes 27a, 27b of the movable element 21 are re- 
spectively applied by and voltages during the ear- 
ly-hall period p, or time t6 to t7 in Fig. 30. of the first step 
S1 . Also, the U-phase electrodes 30a of the stator ele- 5 
ment 22 are applied by a V voltage and the V-phase 
electrodes 30b are at a potential of *0" potential. 

As shown in Fig. 32(B), the a-phase and b-phase 
electrodes 27a, 27b of the movable element 21 are re- 
spectively applied by "+" and ■-■ voltages during the lat- 10 
er-half period q, or time t7 to t8 in Fig. 30, of the first step 
S1. Also, the U-phase electrodes 30a of the stator ele- 
ment 22 are applied by a voltage and the V-phase 
electrodes 30b are at a potential of m Q\ 

As shown in Fig. 32(C), the voltages applied to the is 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched to •-■ and V 
at the commencement of the early-half period p of the 
second step S2, or at time t8 in Fig. 3. Also, the voltages 
applied to the U-phase and V-phase electrodes 30a, 30b 20 
are both switched to V. 

As shown in Fig. 32(D), the movable element 21 
moves right ward as viewed in the figure with respect to 
the stator element 21 so that an a-phase electrode 27a 
is at an intermediate position between a U-phase elec- 25 
trode 31 a and a V-phase electrode 30b during the early- 
half period p, or time t8 to t9 in Fig. 30, of the second 
step S2. 

As shown in Fig. 32(E), voltages of and "-" are . 
respectively applied to the a-phase and b-phase elec- 30 
trodes 27a, 27b of the movable element 21 during the 
later-half q, or time t9 to time t1 0 in Fig. 30, of the second 
step S2 Also, the voltages of "-" are applied to the U- 
phase and V-phase electrodes 30a, 30b of the stator el- 
ement 22. 3S 

As shown in Fig. 33(A), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched to "-" and V 
at the commencement of the early-half period p f or time 
t10 in Fig. 30, of the third step S3. Also, the voltages *o 
applied to the U-phase and V-phase electrodes 30a, 30b 
of the stator element 22 are respectively switched to "0" 
and'+r 

As shown in Fig. 33(B), the movable element 21 
moves rightward as viewed in the figure with respect to 45 
the stator element 21 so that the a-phase electrodes 27a 
of the movable element 21 are in a state that they are 
opposite to the v-phase electrodes 30b of the stator el- 
ement 22 during the early-half period p, or time HO to 
t1 1 in Fig. 30, of the third step S3. 50 

As shown in Fig. 33(C), voltages of and are 
respectively applied to the a-phase electrodes 27a, 27b 
of the movable element 21 duringthe later-half q, ortime 
t11 to time t12 in Fig. 30, of the third step S3. Also, the 
voltages of "0" and ■-' are respectively applied to the U- 55 
phase electrodes 30a, 30b of the stator element 22. 

As shown in Fig. 33(D), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 



ble element 21 are respectiv )y switched in polarity to 
■•■ and V at the commencement of the early-half period 
p, or time t1 2 in Fig. 30, of the fourth step S4. Also, the 
voltages applied to the U-phase and V-phase electrodes 
30a, 30b of the stator element 22 are respectively 
switched to and '+". 

As shown in Fig. 33(E). the movable element 21 
moves rightward as viewed in the figure so that an a- 
phase electrode 27a of the movable element 21 and a 
V-phase electrode 30b of the stator element 22 overlap 
widthways by a half during the early-half period p, or 
time t1 2 to t1 3 in Fig. 30, of the fourth step S4. 

As shown in Fig. 34(A), voltages of V and "-' are 
respectively applied to the a-phase and b-phase elec- 
trodes 27a, 27b of the movable element 21 during the 
later-half q, or time t13 to time , of the fourth step S3. 
Also, the voltages of ■+■ and are respectively applied 
to the U-phase and V-phase electrodes 30a, 30b of the 
stator element 22. 

As shown in Fig. 34(B), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched in polarity to 
■-■ and ■+" at the commencement of the early-half period 
p, or time in Fig. 30, of the third step S3. Also, the volt- 
ages applied to the U-phase and V-phase electrodes 
30a, 30b of the stator element 22 are respectively 
switched to ■-" and - 0 B . 

As shown in Fig. 34(C), the movable element 21 
moves rightward as viewed in the figure so that the fa- 
phase electrode 27b of the movable element 21 is in a 
state that it is opposite to the U-phase electrode 30a of 
the stator element 22 during the early-half period p, or 
time to time t15 in Fig. 30, of the fifth step S5. 

As shown in Fig. 34(D), voltages of V and are 
respectively applied to the a-phase and b-phase elec- 
trodes 27a, 27b of the movable element 21 during the 
later-haff q, or time t15 to time t16 in Fig. 30, of the fifth 
step S3. Also, the voltages of "+" and *0' are respective- 
ly applied to the U-phase and V-phase electrodes 30a, 
30b of the stator element 22. 

As shown in Fig. 34(E), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched in polarity to 
and V at the commencement of the early-half period 
p, or time t16 in Fig. 30, of the sixth step S6. Also, the 
voltages applied to the U-phase and V-phase electrodes 
30a, 30b of the stator element 22 are respectively 
switched to and '+'. 

As shown in Fig. 35(A), the movable element 21 
moves rightward as viewed in the figure so that the a- 
phase and b-phase electrodes 27a, 27b of the movable 
element 21 are in an intermediate position between U- 
phase and V-phase electrodes 30a and 30b, during the 
early-half period p, or time t16 to time t17 in Fig. 30, of 
the sixth step S6. 

As shown in Fig. 35(B), voltages of V and are 
respectively applied to the a-phase and b-phas elec- 
trodes 27a, 27b of the movable element 21 during the 
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later-half q, or time t1 7 to time 1 1 8 in Fig. 30, of the sixth 
step S6. Also, the a voltage of ■+" is applied to both of 
the U-phase and V-phase electrodes 30a, 30b of the sta- 
tor element 22. 

As shown in Fig. 35(C), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched to "-" and "+" 
at the commencement of the early-half period p, or time 
tie in Fig. 30, of the seventh step S7. Also, the voltages 
applied to the U-phase and V-phase electrodes 30a, 30b 
of the stator element 22 are respectively switched to 
and 

As shown in Fig. 35(D), the movable element 21 
moves rightward as viewed in the figure so that the fa- 
phase electrodes 27b of the movable element 21 are in 
a state that they are opposite to the V-phase electrodes 
30b of the stator element 22 during the early-half period 
p, or time t18 to t19 in Fig. 30, of the seventh step S7. 

As shown in Fig. 35(E), voltages of V and "-" are 
respectively applied to the a-phase and b-phase elec- 
trodes 27a, 27b of the movable element 21 during the 
later-half q, or time t19 to time t20 in Fig. 30, of the sev- 
enth step S7. Also, the voltages of '0" and V are re- 
spectively applied to the U-phase and V-phase elec- 
trodes 30a, 30b of the stator element 22. 

As shown in Fig. 36(A), the voltages applied to the 
a-phase and b-phase electrodes 27a, 27b of the mova- 
ble element 21 are respectively switched to "-" and V 
at the commencement of the early-half period p, or time 
t20 in Fig. 30, of the eighth step SB. Also, the voltages 
applied to the U-phase and V-phase electrodes 30a, 30b 
of the stator element 22 are respectively switched to V 
and '-" 

As shown in Fig. 36(B), the movable element 21 
moves rightward as viewed in the figure so that a-phase 
and b-phase electrodes 27a of the movable element 21 
are respectively overlap width ways by a half with U- 
phase and V-phase electrodes 30a, 30b of the stator el- 
ement 22 during the early-half period p, or time t20 to 
t21 in Fig. 30, of the eighth step S8. 

As shown in Fig. 36(C), voltages of *+" and "-' are 
respectively applied to the a-phase and b-phase elec- 
trodes 27a, 27b of the movable element 21 during the 
later-half q, or time t21 to time t22 in Fig. 30, of the eighth 
step S8. Also, the voltages of and V are respectively 
applied to the U-phase and V-phase electrodes 30a, 30b 
of the stator element 22. 

In this manner, the electrostatic actuator according 
to the sixth embodiment provides, during driving thereof, 
steps S1 to S8 divided as a early-half period p and a 
later-half period q so that, in the early-half period, volt- 
ages are applied to the electrodes 27a, 27b, 30a, 30b 
of the movable element 21 and the stator element 22 to 
act a driving force on the movable element 21 while, in 
the later-half period of each of the steps S1 to S8, volt- 
ages are applied in polarity reverse to the early-half pe- 
riod p to render "0" the sum of voltages applied to each 
of the electrodes 27a to 30b in each of the steps S1 to 



S8, thereby preventing electrification on the insulation 
layers 26, 29 of the movable element 21 and th stator 
element 22. Also, in this mbodiment, the sum of volt- 
ages applied to the electrodes 27a, 27b of the movable 
element 21 and the stator element 22 within one period 
C is "0", and therefore it is also possibl to prevent elec- 
trification on the insulation layer 26, 29 of the movable 
element 21 and the stator element 22. 

Thus, in the sixth embodiment, the insulation layers 
26, 29 are prevented from being electrified by applying 
voltages to the electrodes 27a - 30b of the movable el- 
ement 21 and the stator element 22 during driving of the 
movable element 21. Consequently, the movable ele- 
ment 21 is prevented from lowering in driving force to 
be reduced by the electrification on the insulation layers 
26, 29 of the electrostatic force acting between the elec- 
trodes 27a, 27b of the movable element 21 and the elec- 
trodes 30a, 30b of the stator element 22. 

Where the operating switch 24 has been set to 
■move rightward", voltages may be applied in a same 
pattern to the electrodes 30a, 30b of the stator element 
22 by switching over the polarity thereof, wherein the 
voltage on the V-phase electrodes 30 is delayed by two 
steps in phase with respect to that of the U-phase elec- 
trodes 30a. 

The present invention is not limited to the above- 
stated embodiments, but can be modified in various 
forms. 

For instance, in the first embodiment, the movable 
element 21 can be driven with three voltages of "-", "+\ 
and "0" applied to the electrodes 30a, 30b of the stator 
element 22, as shown in Fig. 37. Although, the movable 
element 21 moves rightward in this Fig. 37 example, if 
the operating switch 24 is set to "move leftward", volt- 
ages with waveforms of from time 113 to time t1 in Fig. 
37, i.e., waveforms shown in Fig, 38, is applied to the 
electrodes 30a. 30b. Although the movable element 21 
moves leftward in Fig. 38., in case where the polarities 
of voltages applied for both of the movable element 21 
and the stator element 22 are reversal to the case of 
Fig. 36, the movable element 21 is moved leftward. 
Thus, if inversion is made on voltages, which are to be 
applied to the electrodes 27a, 27b of the movable ele- 
ment 21 , in dependence on the moving direction of the 
moving element 21. there is no necessity of supplying 
constant electricity to the movable element 21 at all 
times, thereby preventing electrification on the insula- 
tion layer 26 of the movable element 21 . 

Also, in the above embodiments, voltages are ap- 
plied by fixing the polarity for the electrodes 30a, 30b of 
the stator element 22 and switching the polarity for the 
electrodes 27a, 27b of the movable element 21 , the ap- 
plication of voltage may be done by switching the polar- 
ity for the electrodes 27a, 27b of the movable element 
21 and fixing it for the electrodes 30a, 30b of the stator 
element 22. 

Furthermor .intheabov embodiment, voltage ap- 
plied to the electrodes is switched in polarity by turning 
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on and turning off the relays, but the electrodes tor each 
phase may be applied by voltages of alternating wave- 
forms in different phase without employing the relays. 

5 

Claims 

1. An electrostatic actuator comprising: 

a stator element (22) having a plurality of elec- 10 
trodes (30a, 30b) provided on an insulation lay- 
er (29) thereof; 

a movable element (21) having a plurality of 
electrodes (27a, 27b) provided on an insulation 
layer (26) thereof and arranged opposite to said ' s 
stator element so as to be movable with respect 
to said stator element; and 
a voltage being applied to one of said elec- 
trodes of said stator element and said elec- 
trodes of said movable element with a polarity 20 
thereof fixed, and a voltage being applied to the 
other one of said electrodes of said stator ele- 
ment and said electrodes of said movable ele- 
ment with a polarity thereof switched over, so 
as to drive said movable element through at- 2s 
tractive force and repulsive force caused be- 
tween said electrodes of said movable element 
and said electrodes of said stator element, 
wherein 

said electrodes of said movable element are 30 
connected together at every other electrode 
thereof to provide two electrical phases (a, b) 
for said movable element; 
said electrodes of said stator element are con- 
nected together at every other electrode to pro- 35 
vide two electrical phases (U, V) for said stator 
element; and 

an interval (LI, L2, L3, L4) of at least one of 
said electrodes of said movable element and 
said electrodes of said stator element is made *o 
unequal. 

2. An electrostatic actuator according to claim 1, 
wherein: 

only one of the interval (L1, 12) of said elec- 
trodes of said movable element (21 ) and the interval 
(L3, L4) of said electrodes of said stator element 
(22) is made unequal. 

3. An electrostatic actuator according to. claim 1, so 
wherein: 

the interval (L1, L2) of said electrodes of said 
movable element (21) is made unequal; and 
the interval (L3, L4) of said electrodes of said 55 
stator element (22) is made unequal. 

4. An electrostatic actuator according to claim 3, 



wherein: 

the interval (L1 , L2) of said electrodes of said 
movable element (21) is set identical to the interval 
(L3, L4) of said electrodes of said stator element 
(22). 

5. An electrostatic actuator comprising: 

a stator element (22) having a plurality of elec- 
trodes (30a, 30b) provided on an insulation lay- 
er (29) thereof; 

a movable element (21 ) having a plurality of 
electrodes (27a, 27b) provided on an insulation 
layer (26) thereof and arranged opposite to said 
stator element so as to be movable with respect 
to said stator element; and , 
a voltage being applied to one of said elec- 
trodes of said stator element and said elec- 
trodes of said movable element with a polarity 
thereof fixed, and a voltage being applied to the 
other one of said electrodes of said stator ele- 
ment and said electrodes of said movable ele- 
ment with a polarity thereof switched over, so 
as to drive said movable element through at- 
tractive force and repulsive force caused be- 
tween said electrodes of said movable element 
and said electrodes of said stator element, 
wherein 

said electrodes of said movable element is con- 
nected together at every other electrode there- 
of to provide two electrical phases (a, b) for said 
movable element; 

said electrodes of said stator element is con- 
nected together at every other electrode to pro- 
vide two electrical phases (U, V) for the stator 
element; 

an interval (LI , L2, L3, L4) of at least one of 
said electrodes of said movable element and 
said electrodes of said stator element are made 
unequal; and 

a ground section (Figs. 18-24; 40a, 40b) is pro- 
vided between adjacent ones of said electrodes 
in at least one of said movable element and said 
stator element and grounded to zero potential. 

6. An electrostatic actuator comprising: 

a stator element (22) having a plurality of elec- 
trodes (30a, 30b) provided on an insulation lay- 
er (29) thereof, said electrodes of said stator 
element being connected together at every oth- 
er electrode to provide two electrical phases (U, 
V) for said stator element; 
a movable element (21) having a plurality of 
electrodes (27a, 27b) provided on an insulation 
layer (26) thereof and arranged opposite to said 
stator element so as to be movable with resp ct 
to said stator element, said electrodes of said 
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movable element being connected together at 
every other electrode thereof to provide two 
electrical phases (a, b) for said movable ele- 
ment; and 

an interval (L1. L2, L3, L4) of at least one of * 
said electrodes of said movable element and 
said electrodes of said stator element being 
made unequal, wherein 
said electrodes of said movable element and 
said stator element are supplied, at a time of M 
driving said movable element, with voltages 
with polarities switched over at an interval of a 
plurality of steps which are divided into an early 
half period and a later half period (Figs. 28-36); 
said electrodes of said movable element and 
said stator element are supplied, during the er- 
aly half period, with the voltages so that a driv- 
ing force exerts on said movable elenrjent; and 
said electrodes of said movable element and 
said stator element are supplied, during the lat- 20 
er half period, with the voltages which are re- . 
versed in polarity from the voltages supplied in 
the early half period. 

An electrostatic actuator comprising: 25 

a stator element (22) having a plurality of elec- 
trodes (30a, 30b) provided on an insulation lay- 
er (29) thereof, said electrodes of said stator 
element being connected together at every oth- 30 
er electrode to provide two electrical phases (U, 
V) for said stator element; 
a movable element (21) having a plurality of 
electrodes (27a, 27b) provided on an insulation 
layer (26) thereof and arranged opposite to said 35 
stator element so as to be movable with respect 
to said stator element, said electrodes of said 
movable element being connected together at 
every other electrode thereof to provide two 
electrical phases (a, b) for said movable ele- *o 
ment; and 

an interval (L1. L2, L3, L4) of at least one of 
said electrodes of said movable element and 
said electrodes of said stator element being 
made unequal, wherein 45 
said electrodes of said movable element and 
stator element are supplied, at a time of stop- 
ping said movable element, with voltages with 
polarities switched over at an interval of a plu- 
rality of steps (Figs. 28-36), so that said elec- so 
trades of said movable element and said stator 
element opposing each other are supplied with 
the voltages of different polarities and each of 
said electrodes of said movable element and 
said stator element are supplied with the volt- ** 
ages of a positive polarity and a negative po- 
larity alternately. 
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